TRON MINING METHODS AND COSTS, 
GREENWOOD MINE, ISHPEMING, MICH. 


By R. C. Annear and W. A. Cole 


a a ¥ ¥ % ¥ « * * x x information circular 7971 


UNITED STATES DEPARTMENT OF THE INTERIOR 
Fred A. Seaton, Secretary 


BUREAU OF MINES 
Marling J. Ankeny, Director 


This publication has been cataloged as follows: 


Annear, R C 


Iron mining methods and costs, Greenwood mine, Ishpeming, 
Mich., by R. C. Annear and W. A. Cole. [Washington] U.S. 
Dept. of the Interior, Bureau of Mines [1960] 


ii, 36 p. illus., map, tables. 26 cm. (U.S. Bureau of Mines. 


Information circular 7971) 
Bibliographical footnotes. 


1. Iron mines and mining - Michigan - Marquette Co. I. Cole, 
Willard A., joint author. II. Title. (Series) 


TN23.U71 no. 7971 §22.06173 
U.S. Dept. of the Int. Library. 


For sale by the Superintendent of Documents, U.S. Government Printing Office 
Washington 25 D.C. Price 30 cents 


Google 


CONTENTS 


Page 


hs Fb ah ae ae a an eee ee ee eee ee ae 

TIVE TOGUCTC OM eie-eiw 605 wise wise Www .6 ar Giese WW 010 S090 05% lei 40 eis weal 

ACKNOWL CGOMENT Sais ios. a6 66-6 0165.6 50 W8 W006 0.6.5.6 % Siew eee 5a ew adw ere 

HUSUOLY s.6 600 es 6-0.6.6-6 6 wiees6 ace Swe wie 6 rae aie 6 wk © Ge whe Oeomes 

DESCYIPTION: Of “DEPOSI CS 4.v:k6 6k w bww wsiw'g se 6 Sinise Cosson ea euueens 

cLiolkce} ere rrr err ee eT er ee ee er ee ee ee ee eee er 

DUPUCTULC 5% 6.6 wosiese:5:0 wis. ie sera ew os.@ S10 rele & Siew ee es 

SELACLOLAONY vice 456-6. 6 ois aoe 6 WSS 6 oso wh 40s Cae eae eS 

Origin of Lake Superior iFfon OTreS.cceseccccesece 

Physical characteristics of ore and enclosing rocks.. 

TYPe Of OF G* DOGLES oes ssie- Sie wie wae ese 6606s os oe wwe dee 

S1ZO Of OTC (DOD1ES o5's.5:24 wie ow ese 640665. 5-0506 080% 

Greenwood ore DodieS.cccccccccccccccccccccvccves 

Physical properties of ore and wall rockececcccccoess 

Methods of prospecting and exploration.ceccreccccccee 
Methods of sampling and estimating tonnages and 

VALUCS 6566.56 See 0's w 005 6006 00 664.0604 004 s6C Sees eeeeeee-. 10 

Methods of development and Miningeccccccccccccccccssevsecses 13 

SUP faACe “PaClilteS scicec swiss ose Swink swe chess eeeseees:. LS 

DeVelLOpMeNnt. eccoccccccccccscvsccssccccescccscsccccess 14 

Shaft sinking and shaft StationS.cccccccccccceee 14 

DVites “and “CrOSSCUUS (54406 sss éebsuindweeeeawieiien . 16 

Drilling and drilling equipment...cccccccsccceses 16 

Drvlling: CQuipmentas.ssacecssivseneeereecccee 16 

Drill steel heat treatment..ccecccccccscesee 18 

Drill SteCelisseiscesunes ceewecweenebusoewws -18 

Drill (Di Cs uses ewse swe senses iseeesecewes. 29 

DYi LLING LEStsS isceuc vec wesesesaveseesedann: . “20 


NM MONNNOOUR DR HRWWOFH 


br b+ 


Rad: SCS cece 6 e-5S eo owe a 4 Ob eke Se Ee ewe Oe Owes 20 
Driving raises by the long-hole method..... 20 
WTA AG @ iis:a- 6-6 oie:6e:ees610.0 0014 @ Wi ecere ois 64.0 Ste aw ow Sitios Se eie eee 22 


Mining methods used in underground hard-ore 
mines on the Marquette rangeeeccccsccccccccses 22 
OPEN STOD ING 6 s.0' se wee: ce nis 6660 i ewe Saaewecesen -26 
SUDICVEL. [ST ODUM G viuneaisie es e.seseirs 6.4 kee weeweee ee 24 
SHY INKaGe StOD1 NG 6.66.6 0:4 64.0 60s ee eawia wee sews ee. 24 
MiNinG' COStS a:5.0.c:sveie og Ges Selec iea Sess anewbaweoeee 25 
Underground transportation.sscctevecssecteaceense 29 
HOLS UNG. d0-6 wis 00 6 C40 esac seawesnedewse. 27 
Screening, shipping, and stockpiling....... 29 
Comparison of different methods used in district..... 31 
Mining methods in hard-ore mineS.ccccecsccsccsese Sl 
Mining methods in soft-ore mineS..scccscccceseee 32 
Ventilation and air conditioning... ..cccccsesccscccecses 33 
MIG 2A Tal MAG Cire cie.4:e.s oes: 6 w.wiisele Se beeie Sisels SawNieledaeeenee. OO 
Dt LlLIng Wate rec cisid scab tes caneswueesesewance “S4 
Wage and working agreementS.ccccsccccccsccvecesvesecs 34 


Google 


11 


CONTENTS (Con.) 


FIPE: “PreVENUL OM s6.0s.0.0 6:5 wih SS bwie 6.66 W400. 016 oes 00660 Swe 
Safety methods, mine rescue, and first-aid 

OrganiZation and trainingicccccccccecsecncecsesesdce 

MING -LOSCUC se 60:00 «We © 6.W0 eee wwe 60.0 60 ee ee 5 0028 0-0-6 


Safety “Organi Zatlonius ss ewses dic esecieesee case coe 


ILLUSTRATIONS 


Location map, Greenwood iron mine, Marquette 
COUNTY ~.. M1 Cleve: ane e:arexeie oie alW te wie wiere: e050 Mew.0ie 0:6 Ww reiereeceuecene 
Graph showing relative thicknesses of Huronian 
Sediments on Marquette Trang@eeeccccccccccccccencese 
Generalized north-south section along east 16th line 
of sections 14 and 23, T. 47 N., Re 28 W., looking 
WEST ccc cvccccccccccsccccccceceseseceseccecceccececece 
East-west longitudinal section of Greenwood mine, 
west of coordinate 7OOO westecececcvcccccccccccsece 
General section looking east, through Greenwood 
MIME *Slad U ore ccee/eei wie -o.6 6 oe 670 6 0:6 0a 005 6 Wwe 6-4 60-6 Woe eae 
Shaft sections at collar and various depthsS...cccceee 
Shaft set detail and list of materialScccccccccccccee 
Typical drift round at Greenwood min@eccsecccccccvece 
Shaft cleaning setup, Greenwood Mine, Marquette 
COUNTY, Mi Clisvewis-6e 0 esieeee0e-o0ws.ee bees seeesoeweene« 


TABLES 


Greenwood mine ShipMentS.ccccccevcccceccsccescesecece 
Type of drilling equipment for specific operations... 
Penetration data for different machines and types 

OL LOCK 's-e sexs Wa: 6.05 o:6-0:6 6:5 1a:w wie 40 0 ie We We 00 re Sie,0re 064 eH 
Cost distribution for mining operations, January 1 

to December 31, 1957: A breakdown for specific 

items in percentage of total direct mining costs... 
Cost distribution for mining operations, January 1 

to December 31, 1957: Direct mining costs and a 

breakdown for general expenses in percentage of 

Total COSTScccocccnccscccvescsesesceccccsecsssscece 
Summary of costs in units of labor, power, and 

SUP 1d CG ie bicoo 4: a wire ee sowie e055 0b ew ws eras We ee wee are eraaravs 


Standard hourly wage TO CCS eo 6:68 We Welw oie e biee we whecere we 


Google 


28 
35 


MINING METHODS AND COSTS, GREENWOOD MINE, 
ISHPEMING, MICH. Y/ 


By 


R. C. Annear2/ and W. A. Cole2/ 


SUMMARY 


This report describes open, sublevel, and shrinkage stoping at the 
Greenwood mine, operated by Inland Steel Co. The iron ore mine is in Mar- 
quette County, Mich., about 6 miles southwest of Ishpeming (fig. 1). The 
Greenwood is one of three active underground hard-ore mines on the Marquette 
Tange, the others being the Cliffs-Shaft and the Champion mines. 


The operation reflects an achievement in exploiting smali, difficult-to- 
mine hard-ore bodies lying beneath a 200-foot overburden of glacial drift, 
which is partly water bearing. This report can indicate only briefly the 
efforts of personnel in overcoming adverse conditions in mining more than 
2million tons of ore, 80 percent of which was in lump form, for open-hearth 
production of steel. 


Significant data presented include descriptions of the principal mining 
methods employed, sublevel and shrinkage stoping; percentaged mining costs for 
the entire year 1957, covering both direct mining costs and general expenses; 
and performance records in units of labor, power, and supplies. 


INTRODUCTION 


This is one of a series of reports dealing with mining methods and costs, 
Particularly costs in terms of performance, of mines in the United States to 
be published by the Federal Bureau of Mines. A similar program was conducted 
from about 1928 to 1939 with the same primary purpose of promoting the devel- 
opment and conservation of our mineral resources by the dissemination of tech- 
Nological information on methods, practices, and related features in mining 
Mineral deposits. 


The principal objective in the current program is to provide up-to-date 
factual performance and cost data, together with mining operational case 


17 Work on manuscript completed June 1959. 


2/ Superintendent, Morris Mine, Inland Steel Co., Ishpeming, Mich. 
3/ Mine examination and exploration engineer, Bureau of Mines, 
Minneapolis, Minn. 
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FIGURE. I. - Location Map, Greenwood Mine, Marquette County, Mich. 
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histories, essential in the application of research developments by both pri- 
vate and government agencies. 


Although the Greenwood mine is a relatively small operation, its impor- 
tance is considerably enhanced because it produces lump iron ore, a premium- 
priced product that is not in plentiful supply in the United States. 


ACKNOWLEDGMENTS 
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HISTORY 


The property was leased by Inland Steel Co. in November 1929. Originally, 
the site had been test-drilled for the Jones and Laughlin Steel Corp. by the 
E. J. Longyear Co. about 1912. After Inland Steel acquired the property and 
Tan a more extensive drilling program in 1928 and 1929, it was decided to sink 
avertical shaft. A contract was let to the New York Foundation Co. to sink a 
Concrete-lined shaft to ledge. The work was begun in September 1930. After a 
month, water inflow necessitated working under pressure, and by the time the 
ledge was reached, the sinking crew was working under 45 p.sei. 


The sealing job at ledge was completed in February 1931, and crews of 
Inland took over and sunk to the 1100 level. 


| In 1936, the shaft was sunk to the 1300 level, in 1938 to the 1500 level, 
In 1940 to the 1700 level, and in 1947 to the 1900 level, which is the bottom 
level at present. 


The first boatload of ore was shipped in October 1932. Through 1956 the 
nine shipped 1,998,329 tons of ore with an average natural analysis of 57.49 
Percent iron, 0.163 percent phosphorus, 10.06 percent silica, 0.07 percent 
manganese, 0.029 percent sulfur, 4.17 percent alumina, and 1.21 percent 
moisture. 


Present stoping is on the 1500, 1700, and 1900 levels. Stopes are con- 
fined in a zone that extends three-quarters of a mile east and west and verti- 
Cally underlies the northern part of the Nl1/2 NE1/4 and NE1/4 NW1/4, sec. 23, 
T. 47 N., Re 27 W. In addition to this land, leased land comprising the 
Greenwood property includes the SW1/4 SE1/4, sec. 14 and SE1/4 NE1/4 sec. 23 
inT. 47 Ne, Re 27 W. The last major exploration drift was driven west on the 
850 level in 1957. Mine shipments are given in table l. 
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TABLE 1. - Greenwood mine shipments 


Year| Long tons __|| Year __|__Long tons 
1932 5,053 107, 284 
1933 22,095 84,273 
1934 52,395 98,017 
1935 68,310 94,748 
1936 35,502 112,598 
1937 37,659 86,471 
1938 29,556 69,695 
1939 61,870 100,956 
1940 103,638 91,330 
1941 94,565 85,942 
1942 121,809 81,578 
1943 134,116 63,241 
1944 155,627 40,256 
85,188 


DESCRIPTION OF DEPOSITS 


Geology 


The geology of the Marquette range will be discussed in some detail, 
inasmuch as this paper is the first in a series of Information Circulars on 
mining methods employed in the district. 


Structure 


The iron formation is in a series of sediments lying on a rock complex of 
Lower Precambrian igneous and metamorphic rocks. In general, the major struc- 
ture of the range is a westward-pitching synclinorium open at the west end. 
For practical purposes, it may be said the synclinorium extends westward some 
40 miles from the vicinity of the city of Marquette. In the western part of 
the district, Michigamme Lake and Michigamme River exhibit structural control 
of their origins by their positions. The northern, or main, part of the lake 
trends east and west parallel to the strike on the north limb of the synclino- 
rium, which continues on westward, extending some 6 miles into Baraga County. 
The south arm of the lake lies in a crossfold of considerable magnitude that 
appears to divert the westward trend of the south limb of the synclinoriun, 
which is folded into a tight trough and extends in a narrow band down the 
Michigamme River to the town of Republic. 


This synclinorium is of peculiar and complicated character. Superimposed | 


upon the larger folds are folds of lesser orders. Along the outer borders in 
much of the district sharply overturned folds plunge steeply toward its axis. 
Although the more conspicuous folds of the district have in general an east- 
west axis, the rocks have also been under strong east-west compression; as a 
consequence, the folds are buckled so that many of them pitch steeply. 


\ 


Faulting is extensive in some localities, and minor fracturing or jointing - 


is prevalent. It may be pertinent to the miner to point out that the same 
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forces that caused the formations elsewhere may have extensively fractured 
them locally, even in areas where folding is not evident. 


Igneous rocks of different ages intrude the Precambrian formations in the 
district. Post Huronian:(post-Animikie) intrusives are in greater abundance 
in the iron formation. 


Stratigraphy 


Figure 2 indicates relative thicknesses of the formations on the Marquette 
range. It will serve also as a generalized stratigraphic section of the sedi- 
ments. In recent Federal Geological Survey, work in Upper Michigan, changes in 
stratigraphic terminology have been made.4/ The Animikie has been given series 
rank in application to the heretofore called Huronian strata for part of 
Michigan (Iron and Dickinson Counties). Extension of the term Animikie rather 


than retention of the term Huronian for strata of the Marquette range has been 
advocated. 


There is a considerable variation in the thickness and rock types of the 
various units, as indicated in figure 2. It was based on data from the 
records of the four mining companies presently producing ore on the range, and 
was prepared by Burton H. Boyum.2 


The Negaunee formation is the principal iron-bearing formation of the 
Marquette range. It ranges in thickness from practically nothing to its nor- 
mal maximum thickness in excess of 2,000 feet in the Ishpeming-Negaunee area, 
not including the large masses of basic intrusive occurring within the iron 
formation. The intrusive rocks, approximating diorite in composition and grain 
Size, have been identified in three principal sill-like sheets in the 
Tshpeming-Negaunee area. The sills have a maximum thickness of some 700 feet, 
and a general average of perhaps 400 feet. 


Origin of Lake Superior Iron Ores 


Opinions pertaining to ore genesis advanced by leading geologists in 


' Studies of Lake Superior iron ores have been summarized by Stanley A. Tyler.6/ 


More or less general agreement upon the following points was noted among 


the more recent workers: 


1. The iron formations of the Lake Superior region were originally com- 
scsed dominantly of silica, with important but subordinate quantities of iron 


; 
e s @ e e e 
| Carbonate, iron silicate, iron oxide, and iron sulfide. 


4/ James, Harold L., Stratigraphy of pre-Keweenawan Rocks in Parts of North- 
ern Michigan: Geol. Survey Prof. Paper 314-C, 1958, pp. 27-44. 


oy Boyum, Burton H., The Geology of the Marquette Iron Range, ch. in Fourth 


Mining Geology Symposium, Minneapolis, Minn.: University of Minnesota 
Center for Continuation Study, 1954, pp. 3-8. 


6/ Tyler, Stanley A., On the Origin of the Lake Superior Iron Ores, ch. in 


Proc. of an Inst. on Lake Superior Geology, Minneapolis, Minn.: Univer- 
sity of Minnesota Center for Continuation Study, 1955. 
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2. The iron ore is largely a residual product formed by oxygen-bearing 
solutions, which oxidized the ferrous minerals to the ferric state and removed 
the silica in solution. 


3. Migration of iron and replacement has played an important part in the 
development of some, perhaps many, ore bodies. 


4. Fractures, faults, joints, breccia zones, bedding planes, dikes, 
sills, and impervious sedimentary horizons have exerted a marked control upon 
the path that the ore-forming solutions took through the iron formation. 


S.- The period of ore formation was largely, if not entirely, restricted 
to the Precambrian. 


In contrast, there is a general lack of agreement as to whether the solu- 
tions that oxidized the iron and leached the silica were rising hydrothermal 
waters or cold descending meteoric waters. 


Inasmuch as the iron formation is a sedimentary rock, which is sensitive 
both to the presence of oxygen and to the loss of silica, it has. been con- 
cluded by many that the ores may have formed at different times under differ- 
ing environments. 


Physical Characteristics of Ore and Enclosing Rocks 
Type of Ore Bodies 


The high-grade iron-ore occurrences of the Negaunee formation may be 
divided according to stratigraphic position into three general types: (1) 
soft-ore bodies at the bottom of the formation, which is the most important 
type at presents; (2) soft-ore bodies within the formations and (3) hard-ore 
bodies in the top layers of the Negaunee formation and at the basal horizon of 
the Goodrich formation locally present as conglomerate. 


Size of Ore Bodies 


The size and shape of the ore bodies are related closely to structure. 
In fact, the consensus of geologists in the district credits structural fea- 
tures as the predominant control affecting magnitude. | 


The principal structures of typical ore bodies in the three categories 
previously mentioned will be discussed briefly: 


1. Soft-ore bodies at the bottom of the Negaunee. These are generally 
found in the synclines and in fault structures bounded by intrusive dikes 
along at least one side. These deposits may be as great as 260 feet normal to 
the bedding and have considerable lateral extent, some ore bodies being large 
enough to be mined by the block caving method of stoping. The footwall is 
Siamo slate or Ajibik quartzite. 


An extension of this type is that of “ore pipes” or chimneys of ore 
extending from the footwall some distance vertically, across the stratified 
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iron formation. Larger ore deposits in this category are localized in the 
intersections of two or more dikes cutting the iron formation, and are charac- 
terized by “heavy ground.” 


2. Soft-ore bodies within the iron formation. These occur on large 
intrusive sills near the upper part of the iron formation. Deposits of this 
type were some of the first to be exploited in the Ishpeming area, principally 
south of Ishpeming toward the axis of the synclinorium. Ore bodies were of 
irregular distribution and thickness, limited largely by the same structural 
controls as the ores lying on the footwall contact. 


A number of mines were producing large tonnages of iron ore from deposits 
in this category 50 years ago. One ore body in the Lake Angeline mine was 
reported to be a greatest of the Marquette district, containing many millions 
of tons of ore. 


3. Hard-ore bodies. The footwall of the hard-ore bodies may be unoxi- 
dized iron formation, oxidized iron formation of the “jaspilite™ type, or 
"hard-ore jasper,” or one of the intrusive sills. The hanging wall may be of 
the “hard-ore jasper" type, material of the Goodrich formation, or less fre- 
quently intrusive material. 


The Greenwood ore bodies are small, ranging from small pockets and narrow 
stringers to the maximum width of 60 to 70 feet and length of about 200 feet. 
Generally the ore bodies are 50 to 100 feet long and up to 40 feet wide. Con- 
tinuity of the ore on the dip usually is about the same as the measurement of 
the lateral extent. However, a westerly plunging trend is indicated in the 
overall grouping of the ore lenses. 


In the Cliffs-Shaft mine, ore occurrence is irregular, ranging from 25 to 
150 feet in thickness. Inclination of the ore beds varies between 0° and 60° 
due to folding and structural pitching.8 


The magnitude of high-grade soft-iron ore deposits is related to folding, 
faulting, and diking, primarily in respect to control of secondary oxidation, 
leaching, and replacement. The large soft-ore bodies occur in pitching troughs 
formed by synclinal folding, by a diorite sheet and its conjunction with a 
dike, or by either of the latter two structures and union with a sedimentary 
Slate member. 


Structural features also have played dominant roles in magnitude of hard- 
ore bodies, although the relationship is not so easily explained and may be a 
subject of conflicting opinions. The Cliffs-Shaft mine on the north limb of 
the synclinorium at Ishpeming is an example of a large hard-ore deposit occur- 
ring largely in a westerly plunging syncline having a crossfold under the town 


7/ Mead, W. J., The Iron Ores of the Marquette District, ch. in The Geology 


of Lake Superior Regions: Geol. Survey Mono. 52, p. 271, 1911. 

8/ Lewis, Walter E., Carbide Insert Bit Drilling at the Cleveland-Cliffs Iron 
Co. Mines, Ishpeming, Mich.: Bureau of Mines Inf. Circ. 7558, 1950, 
p. 4. 
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of Ishpeming. Anticlinal folding and faulting localized some of the Greenwood 
ore bodies. 


At the Greenwood and Champion mines, thin, rich hard-ore bodies occur in 
the upper part of the Negaunee and in the basal member of the Goodrich forma- 
tion. The ores were developed, in part, as a thin mantle at the erosion sur- 
face during middle-Huronian times. Marquette range ores so localized strati- 
graphically are relatively high in alumina, commonly 4 to 5 percent, probably 
the result of environmental conditions under which chemical weathering took 
place. Possibly the thickness of the deposits was enhanced where folding or 
faulting had locally elevated the iron formation in pre-Goodrich times. 
Mead?/ attributes the alteration of the ore to the specular variety to folding, 
which followed the deposition of the upper Huronian and preceded the great 
period of soft-ore concentration. 


Greenwood Ore Bodies 


The larger ore bodies at the Greenwood mine are described as being devel- 
oped within the uppermost layers of the Negaunee formation. A minor amount of 
detrital ore has been mined from the Goodrich. These formations and their 
contained ore bodies dip 60° to 75° north. 


The geologic relationships of the Greenwood ore bodies are shown in fig- 
ure 3. Sills, dikes, and irregular dioritic masses are associated with thin, 
hard~-ore bodies in the upper layers of the Negaunee. Some of the major ore 
bodies are in anticlinal folds, and some drop away from the hanging wall along 
fractures. | 


The presently known top of the iron-bearing formation, some 150 feet in 
thickness, is essentially specular-hematite-chert with or without sericite. 
Irregular masses of magnetite-chert are associated with magnetite ore. 
Magnetite-iron silicate-chert constitutes much of the lower portion of the 
Negaunee iron formation in the Greenwood area. This rock is the metamorphosed 
equivalent of the soft-ore horizons. 


The magnetite-iron silicate-chert consists of alternating bands composed 
of varying proportions of the minerals magnetite, grunerite, garnet, and 
quartz. 


In some of the larger stopes the following relationships are common. 
Between the Negaunee iron formation and overlying Goodrich formation a thin 
sill or sheet of diorite has been intruded. Conglomerate is present in places, 
forming the basal member of the Goodrich. Below the sill are found thin ore 
bodies of specular hematite. Some deposits are not of minable thickness, or 
thin dikes and discontinuous irregular masses related thereto transverse them. 
Other deposits, particularly west of the crosscut to the shaft, locally attain 
a maximum thickness of 60 to 70 feet. 


Figure 4 shows an east-west longitudinal section of the western portion 
of the mine. The stopes are indicated by crosshatching. It will be noted 


9/7 Work cited in footnote 7, p. 278 
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FIGURE 4 - East-West Longitudinal Section of Greenwood Mine, West of Coordinate 7,000 West. 
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that the projections of the stopes on the vertical longitudinal section over- 
lap in places. Mining in more than a single stratigraphic zone is accounted 
for, in part, by folding, as mentioned above. 


The main Greenwood ‘ore bodies plunge westerly, as indicated in figure 4. 
Some 10 miles westward on the main southern belt of iron formation a similar 
structure exists at the Champion mine. 


Physical Properties of Ore and Wall Rock 


Artificial support is generally not required in any of the underground 
openings. However, in stoping, the more siliceous inclusions lying alongside 
the hanging wall intrusive sill and the material making up the sill itself 
readily fall without blasting. Waste material is eliminated by hand-sorting 
to some extent both underground and in the screening station on the surface. 


The ore in the Greenwood mine is specular hematite and magnetite. Irreg- 
ular masses of magnetite-chert are found in the magnetite, and lenses of jas= 
pilite occur in hematite-magnetite ore bodies. Jaspilite, other phases of 
iron formation, intrusive diorite, and Goodrich quartzite comprise the wall | 
rocks. 


Based on drillability, the ore is medium hard, and ranges from slightly 
to moderately abrasive. It breaks into rough, irregular chunks when blasted. 
Jaspilite is classed as exceptionally hard drilling. Magnetite-chert and 
other rocks of the iron formation range from medium hard to hard, and all 
types are moderately abrasive. There is a wide variation in rocks of the 
Goodrich formation. Medium-hard quartzite, the most abrasive rock encountered 
in the wall, is dominant. Conglomeratic and schistose rocks of the Goodrich 
and the intrusives are medium hard and not abrasive, or only slightly so. 


Specific data on rock density are lacking. 


Methods of Prospecting and Exploration 


Original prospecting was done by vertical diamond drill holes from the 
surface. A number of holes were drilled to varying depths up to 1,900 feet. 
Ore deposits close to the Goodrich-Negaunee contact were discovered in this 
manner, and it was logical to concentrate underground exploratory work largely 
in the contact zone. Hence, mine development work was planned to explore the 
contact zone, as well as to mine the ore. 


Differentiation between exploration, development, and mining costs is 
made more or less arbitrarily. In general, exploratory drilling has been 
chargeable to exploration. Raises or drifts driven to gain access or to 
obtain information concerning an ore body are classed as development. After 
enough is known about the ore limits to permit the selection of a mining plan, 
all other drifting or raising is classed as mining. 
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Methods of Sampling and Estimating Tonnages and Values 


It has been stated that information on what constitutes a minable ore body 
is gained by exploratory diamond drilling and development drifting and raising. 
Drill hole samples, as a rule, comprise both core and cuttings. However, core 
recovery in the Greenwood mine area has been practically 100 percent, and 
analyses of core samples only were made. Core was placed in storage boxes, 
inspected, and logged by a geologist. Core selected for analysis was split 
longitudinally, and a portion was sent to the chemical laboratory for analysis. 


In development and mining work, broken ore is sampled as necessary. 

There is a distinction between sampling for estimation purposes and for grade 
maintenance in mining. As a matter of fact, because of the sharp delineation 
between the ore and rock, there is a minimum amount of sampling done to deter- 
mine the limits of an ore body for estimation purposes. This is the responsi- 
bility of the geologist, and demarcation of ore limits in almost all instances 
is done by visual inspection. Ore limits are extended up to 50 feet beyond an 
underground opening or diamond drill hole traversing the ore zone. This limit- 
ing factor of 0 to 50 feet is used because of the small average size and shape 
of the Greenwood ore bodies. 


Tonnages are computed on a basis of 10 cubic feet per long ton of ore in 
place. 


In mining, the grade of ore is maintained by grab samples taken from each 
car underground to make up a composite sample for each shift. For comparison, 
the composite samples are obtained by grab samples from each carload of sized 
ore transferred on the stockpile landing during the same shift. When the ore 
is shipped, either from the headframe pockets or from the stockpiles, railroad 
cars are sampled in the usual manner in five-car units to compile cargo grades. 


METHODS OF DEVELOPMENT AND MINING 
Surface Facilities 


Surface structures include hoist house, headframe and appurtenances, 
change house and shops, and mine office. Fireproof or fire-resistive con- 
struction is used in vital mine buildings. 


The headframe, idler towers, skip hoppers, shipping pockets, and perma- 
nent bents of stockpile trestle are built of steel. Galvanized corrugated 
sheet iron covers the headframe. 


The hoist house, which contains the one hoist, two compressors, two d.c. 
convertors, and electrical ,appurtenances, is L-shaped, 60 by 64 feet, and 23 
feet high. It is constructed with a concrete foundation and floor, a wooden 
frame, and wooden sheathing in the walls. The roof is covered outside with 
asbestos siding, and the interior walls are not finished. 


The change rooms and mine shops are in an L-shaped 80- by 50-foot wooden- 
frame building with asbestos-paper-covered exterior walls and corrugated sheet 


Google 


14 


iron roof. Interior construction features dry wallboard and concrete floors. 
The building includes change and locker rooms, machine shop, carpenter shop, 
welding shop, drill steel shop, and lamproom with battery-charging racks. 
Miners’ change room is equipped with overhead-hook-design hangers in both the 
Clean-clothes and work-clothes room, and with shower units, Bradley wash foun- 
tain, laundry sinks, and toilet facilities. An office and changing facilities 
are provided for the mine captain and shift bosses. 


Development 


A vertical shaft was sunk in the hanging wall Goodrich quartzite. Sta- 
tions were provided at the shaft for levels at the approximate vertical depth 
of 850 feet and at 200-foot intervals starting at the 1,100-foot level and 
continuing to the 1,900-foot level. The 850-foot level was not driven until 
1957, when it was opened up for exploratory purposes. Crosscuts were driven 
south from the shaft stations on each level to the quartzite-iron formation 
contact. Main-level drifts were driven east and west along this contact. The 
hanging wall was found to be irregular, and as a result, the main-level drifts 
have no long straight runs. 


As the main-level development progressed, the contact zone was explored 
by underground drilling, raises, and sublevel drifts. Relatively short hori- 
zontal holes were drilled by percussion drill and by diamond drill. Holes 
were drilled both normal to the bedding and laterally more or less with the 
strike. 


After determining the limits of an ore body on a level, the general pro- 
cedure was to explore to the upper limit by raises and to the lateral limits 
by sublevel drifting. 


In searching for a downward extension of an ore body, which was developed 
or had been mined above a given level, diamond drill holes were used. In some 
cases such drilling showed that the ore did not extend to the next lower level. 
In such cases, that level was extended and a raise was driven to intercept the 
bottom of the ore body. Raise 870 on the 1,900-foot level at coordinate 8,700 
is an example of this procedure. This raise was driven up to the 1,700-foot 
level for ventilation and access for further development. 


The size of the ore body, its mining limits, and the mining method 
selected dictated the spacing of the sublevels and raises. 


Three stoping methods are employed: Open stoping, longitudinal sublevel 
stoping, and longitudinal shrinkage stoping. These methods will be discussed 
in detail under appropriate headings. 


Shaft Sinking and Shaft Stations 


A cross section through the hanging-wall vertical shaft is shown in fig- 
ure 5. The shaft was originally designed with five compartments to accommodate 
one cage, two skips, pipes and cables, and a ladderway. However, later an air 
supply pipe was installed in the cage compartment, and two cages were hung 
under the skips. 
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FIGURE 5. - General Section Looking East, Through Greenwood Mine. 
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Through glacial drift a circular 
reinforced-concrete caisson was sunk to 
ledge and sealed into bedrock. Inside, 
its design was square with beveled cor- 
ners, 17 by 17 feet inside dimensions. 
Sinking was performed under air pres- 
sures up to a maximum of 45 p.s.i., and 
caisson control was modified by applied 
weights. 


Shaft sets at 7-1/2-foot centers 
were installed in the caisson and in 
the rock section of the shaft. Figure 
6 shows the shaft sections at various 
depths. The main members consist of 7- 
inch I-beam steel (fig. 7). The rock 
section was not lagged completely. 


At the shaft station, a 12-inch 
grizzly is provided at the shaft pocket 
opening. All chunks over size are 
pulled off the grizzly into a trench 
beyond the shaft station and blockholed. 


Required storage facilities vary 
on different levels. 


A skiptender controls the mechanism 
regulating flow of material into the 
skip-loading measures and skips and sig- 
nals the hoistman by an electric bell 
system. 


Drifts and Crosscuts 


Main-level drifts and crosscuts 
are driven commonly 9 by 9 feet in size 
and do not require timber support. 


Figure 8 illustrates a typical 
drift round and rotation of blasting. 


Drilling and Drilling Equipment 


Drilling Equipment 


All drills are equipped for wet 
drilling; the water pressure varies from 
40 to 86 pounds, with the lower limit 
about average. Gardner-Denver line 
oilers are provided 8 to 12 feet from 
the machine. The average air pressure 
is 90 pounds. 
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Table 2 gives details 
on type of drilling equip- 
ment used for specific 
operations. 


In general, the use of 
a post or rigid-mounted air- 
bar feed mounting is much 
easier on bits in the hard 
ground encountered in this 
mine. This type of mounting 
maintains an even pressure 
on the bit, thus giving bet- 
ter cutting action. It 
eliminates the smashing of 
bits due to pounding. 


Drill Steel Heat Treatment 


The hard ore and rock 
types at the mine, the hard- 
ness of which ranges upward 
from about 6 on Mohs* min- 
eral-hardness scale, may be 
classed as medium to excep- 
tionally hard drilling 


: Le ical Drift R f d Mi Dating back to the 
FIGURE 8. - Typical Drift Round of Greenwood Mine. eouceice Ge foeal na bi iaron 


steel, followed by use of 
conventional steel detachable bits before the advent of tungsten carbide-insert 
bits, a well-equipped shop was installed for sharpening and heat-treating bits | 
and drill steel. Experienced blacksmiths and mechanics were developed. 


The drill steel shop equipment includes: IR No. 500 drill steel cutter, 
IR oil-fired furnace for heating, IR No. 50 sharpener for forging, Toledo 2- 
inch high-speed threading machine, IR J-2 oil-fired furnace for heat treating, 
and one salt bath (l6-rod capacity) for tempering. 


Drill Steel 
Bethlehem ultraalloy drill steel is used in l-inch and 1-1/4-inch hexa- 


gonal sections. About 97 percent of the steel used is le-inch size. Drill 
steel shanks are collared, and lengths from 1-1/2 to 10 feet are provided. 
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Although changes in the upper length range are used more frequently, more 
breakage is noticed in the shorter lengths of drill steel. This may be due to 
fatigue as shorter drill rods are made from previously broken or discarded 
longer rods. The most common reason for drill steel failure is that of the 
threads wearing out, not strippage. The relative frequency of drill-rod fail- 
ures are: 


Percent 
Thread wearececcccccccccces 78 
Button breakage...cccccccce 3 
SHAN kw h:6 6066S 6 65 eee ewe eee 2 
Metallurgical notch zone... 2 
Others coccccovcsccvescovseses 15 


TABLE 2. = Type of drilling equipment for specific operations 


Depth 
Machine Bit of 
size, diameter, round, 
Operation inches Type of Mounting inches |Steel section | feet 
Drifting..cece Jumbo, air-bar feed. l-in. 
hexagonal. 
Stoping: 
85 percent.. Post, air-bar feed. 
hexagonal. 
15 percent.. Jackleg. l-in. 
hexagonal. 
Raising. .cceoe Stoper leg. l-in. 
hexagonal. 
Long-hole..... Post, screw feed. 1-1/4-in. 
hexagonal. 
Prospecting...|Diamond|Post, screw feed. 1-5/16-in. 
round. 
Drill Bits 


Tungsten carbide insert bits are used exclusively in blasthole drilling 
in the Greenwood mine. The hardness of cemented tungsten carbide compositions 
has been classed as ranging from 85 to 93 Rockwell A, which corresponds to 67 
to 82 Rockwell C, and to 9.0 to 9.2 on Mohs' mineral-hardness scale. Sizes of 
bits used are: 


Percent 
161 /2-1nChessawesscvieweeees 80.3 
1-5/B-inch.sccccescccncsces 16.8 


2-3/4-inch 
3-inch eeovoeeeeeoeoeeeeoe 2.9 
3-1/2-inch 


The cross bit is the standard design; other types have been tried. Thread 


connection is provided, and in most cases bits are reused until threads wear 
out. 
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Drilling Tests 


Table 3 gives penetration data for different machines and type of rocks: 


TABLE 3. - Penetration data for different machines and types of rock 


Average 
penetration, 

inches per 
minute 


Type of Drill Type of rock 
Gardner-Denver 
79 Drifter, 
mounted on 


Joy jumbo.... 


100 |Jaspilite. 


Cleveland 
HC-10 
Drifter, 
post mounted.. 100 |Magnetite and 

specular hematite. 

Ingersoll Rand 
J-50 Jackleg.. 100 {Specular hematite. 

Gardner-Denver 
R104 Stoper.. Specular hematite. 


Jaspilite 


Raises 


The ore in the Greenwood mine is specular hematite and magnetite. It is 
fairly hard and abrasive, but fractures well when blasted. Also, the ore is 
hard enough to retain its shape without cribbing for raises. 


Methods followed in raising are: 
1. Conventional raising by short rounds. 


2. Drilling a single 3-inch-diameter long hole between levels to serve as 
the centerline for the raise and a “buster hole” for the blast and also to pro- 
vide a means for hoisting all staging and drilling materials to the working 
face. Hoisting is done by a tugger hoist mounted above the proposed raise with 
the hoisting cable being operated through the long pilot hole. 


3. Using a long-hole machine to drill out a raise completely from either 


top or bottom. The holes are loaded and blasted from the top. This method is 
described in detail belows 


Driving Raises by the Long-Hole Method 
Experimental raising by this method in the Inland Steel Greenwood mine on 


the Marquette range in Michigan shows favorable costs per foot of raise and 
safer working conditions. 
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Experience gained in blasting a hole through a narrow floor pillar being 
mined by long-hole drilling was a forerunner to raising by this method. To 
eliminate the danger of breaking the ore into large pieces and leaving the 
blasted mass hung up over the open stope below, it was decided to load a charge 
of explosives in the bottoms of the holes to break small portions of the ore 
to a stope below. By repeated blasting, an irregular hole was broken through, 
thus developing a method of blasting small portions of long holes grouped . 
Closely together. 


The first raise by the long-hole method was completed at the Greenwood 
mine in July 1957. It was a 40-foot, single-compartment, unsupported raise. 
The drilling pattern decided for the first raise was a burn-cut round consist- 
ing of a center relief hole with four holes around it, two at 9 inches and two 
at 12 inches from the center of the raise, and six outside holes on the perim- 
eter of a 4-foot circle. A 4-1/2-inch percussion drill was set up on the sub- 
level at the bottom of the proposed raise, and eleven 3-inch diameter holes 
were drilled. Extreme care was taken in the alinement of the holes and in 
repeated checking during drilling operations to keep them as nearly parallel 
as possible. 


When the drilling was completed, the pattern was not the same as the 
Starting pattern, but none of the holes deviated more than 12 inches from its 
intended breakthrough. Three types of bits, a chisel point, an X-bit, and a 
cross bit, were used for experimental purposes in drilling the holes. Results 
Showed that the cross bit drilled the straightest hole in this type of ore, 
and it was used thereafter for drilling in raises where the holes should be as 
nearly parallel to the centerline of the raise as possible. 


In blasting this raise, all equipment was removed from the bottom, and 
the explosives charges were loaded into the holes from the top of the proposed 
raise. First, the bottom of each hole had to be plugged by means of a wooden 
plug attached to a sash cord. The plug was raised and lowered until the bottom 
of the hole was determined. Then the plug was wrapped with paper and pulled 
into place, the paper served to bind it, and a few inches of dirt was tamped on 
top of the plug. The holes were loaded with Gelamite 1X-60 in 2-1/2- by 16- 
inch and 2- by 16-inch cartridges, primed with Hercules NoVent delay electric 
blasting caps. Care was taken to keep the top of the dynamite charges in a 
plane normal to the raise centerline to maintain as clean a cut as possible. 
From 4 to 6 inches of stemming was used on top of the column of explosives in 
each hole. 


Five rounds were fired to bring the raise up to within 2 feet of the 
upper level. The first and longest round blasted was 12 feet. This produced 
some overbreak around the raise, which was caused by propagation probably due 
to a fracture in the ore. The charges in the remaining blasts detonated in 
proper order. The second blast was reduced to 4 feet, the third to 7 feet, 
the fourth to 8 feet, and the fifth to 7 feet. All broke fairly clean to the 
tops of the columns of explosives. The remaining 2 feet was drilled with small 
jackhammer holes and blasted. 


The explosives loading ratio was 25 pounds per 1 foot of raise. In the 
overall cost per foot of raise, the long-hole method compared favorably with 
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methods used previously. In the future, smaller diameter holes will be drilled 
to speed up drilling and reduce the explosives loading ratio per foot of raise. 
The ore in this raise was pulverized due to loading a large volume of powder 
required in the 3-inch-diameter holes. The initial blasts will be reduced in 
length to keep the overbreak to a minimum and to minimize the chances of prop- 
agation in fractured ground. The length of the succeeding cuts will be 
increased as the raise is advanced. 


Mining 


The mining methods used in underground mining of hard ore on the Marquette 
range are listed below. Stoping methods are in accord with the Bureau of Mines 
Classification based upon method of support. Notations on stoping practices 
are added to indicate details of stoping procedure for comparison purposes in 
enumerating the conditions that govern choice of methods. 


Mining Methods Used in Underground Hard-Ore 
Mines on the Marquette Range 


A. Stopes naturally supported: Open stopes. 
1. Open stopes without pillar support. 
ae Open stoping in small ore bodies. 
b. Sublevel stoping. 
Longitudinal, underhand stoping. 
2. Open stopes with pillar support. 
ae Regular pillar arrangement. 
Transverse, underhand, sublevel stoping. 


B. Stopes artificially supported. 
1. Shrinkage stoping. 
a. Without pillars. 
Longitudinal, shrinkage stoping. 


Choice of mining methods at the Greenwood mine has been influenced largely 
by size of ore bodies, economic factors, such as development cost and necessity 
of securing as large a percentage in ore extraction as possible, and physical 
conditions. In the last 2 years, another economic factor has developed: that 
of maintaining a steady mine production at the time when reserves, particularly 
in larger ore bodies, were dwindling. This was one factor in the large 
increase percentagewise of ore mined by sublevel rather than shrinkage stoping. 
The advantage of having less broken ore tied up in stopes partially compensated 
for the increased cost of scraping a larger percentage of ore mined. 


The physical characteristics of the ores and associated wall rocks at the 
Greenwood mine are similar to those prevailing on the western Marquette range. 
The iron formation has been altered rather extensively by metamorphism but 
only slightly by processes of secondary oxidation, leaching, and replacement 
that produced soft-ore concentration elsewhere on the range. As a result, 
both ores and associated wall rocks are hard and, being relatively unoxidized, 
dense. From a mining standpoint, the formations may be said to be firn, 
except for schistosity adjacent to the sills. Where this structure has been 
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developed it tends to cause unexpected falling in slabs, under conditions of 
lack of support, due to vibrations set up in blasting operations in the stope. 
In some of the larger stopes in the Greenwood mine, a thin’ sill has been men- 
tioned as occurring between the Negaunee iron formation and the overlying 
Goodrich formation. 


In order to stope close to the sill and assure as large a recovery of ore 
as possible without excessive dilution by waste, shrinkage stoping has been 
selected, heretofore, as the best method of mining to meet conditions outlined 
above and maintain safe working places. However, in the lower levels schis- 
tosity adjacent to the sill along the Goodrich contact has worsened, causing 
excessive dilution in some areas. This condition has influenced the change to 
sublevel in preference to shrinkage stoping. 


Sublevel stoping in open stopes without pillar support is the mining 
method used at the Greenwood, where the walls and back are firm enough to stand 
during the period of ore extraction in the entire stope. Usually the two walls 
are oxidized iron formation of the jaspilite type, commonly called hard-ore 
jasper. Stopes also have a hanging wall of the schistose rock mentioned above. 
Generally, the ore bodies are small (50 to 100 feet long and up to 40 feet 
wide). Some ore bodies of greater magnitude are mined presently. 


Open stoping in small ore bodies is carried on, and physical characteris- 
tics of ore and wall rock are similar to those adaptable to sublevel stoping. 


Open Stoping 


Open stoping in the Greenwood mine is employed to mine small ore bodies, 
ore chimneys, and ore offshoots from the larger ore bodies. 


The larger of these small ore bodies may be long enough to require two 
raises, one of which is located near each end of the ore body. A chute is 
built in one raise, and the other is maintained as a manway. Raises are con- 
tinued to the top of the ore or upper limit of the proposed stope where ore 
extends to the level above. In the latter case, the manway raise is holed 
through to the level above. Starting at the chute raise at the top of the ore 
body, or upper limit of proposed stope, the stope is opened the full width of 
the ore body. Successive horizontal slices 8 and 10 feet high are opened up 
from the chute raise and carried the length of the stope. 


Ore chimneys extending from one level to the next higher one have in a 
few cases been mined by utilizing a single raise for travelway and ore pass. 
Miners gained access to the stope from the level above, and ore was scraped 
into the same raise and transferred to the level below. In several instances, 
small ore offshoots have been mined by driving an inclined opening upwards on 
a slope of approximately 40°. Overhand stoping was the practice, and only 
enough ore was pulled away to make working room. The ore had to be scraped 
into a chute or loaded on the haulage level by an Eimco loader. 


Some floor pillars on main levels have been mined with long-blasthole 
practices. 
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Most of the ore mined in this category is produced by underhand open 
stoping, and this term has local usage in designating the ore so mined. 


Sublevel Stoping 


Sublevel stoping is employed in mining longitudinal underhand stopes. As 
has been noted, the ore bodies mined by this method are relatively small. The 
initial development work usually consists of two raises, one near each end of 
the ore body. If required, additional chute raises are driven up from the main 
level to limit the scraping distance to approximately 100 feet. A chute is 
built in every raise except the one maintained as a manway. Raises are contin- 
ued to the top of the ore or upper limit of the proposed stope where ore 
extends to the level above. In the latter case, the manway raise is holed 
through to the level above. The raises are connected across the top of the 
ore body, or at the upper limit of proposed stope, and on successive sublevels 
by drifts. These sublevel drifts are 30 to 40 feet apart vertically, and are 
driven the full width of the ore body. They are started at the chute raise 
and driven to the manway. 


At present, in one sublevel stope, a floor pillar on the level above is 
being mined above the top sublevel drift. Usually after the top sublevel 
drift is driven, the next lower sublevel drift is driven the length of the ore 
body. The ore in the back of this drift is mined by drilling upper holes in 
successive rounds working back towards the chute raise. Broken ore is scraped 
into the chute raise. 


The stope is carried down in successive stages; hence, longitudinal, 
underhand sublevel stoping may be used in referring to the mining method. 
However, mining operations differ so radically from sublevel stoping as carried 
on at the soft-ore Morris mine that the broader term open stoping has been 
applied locally to the method of mining. 


Shrinkage Stoping 


Longitudinal shrinkage stopes have a length of up to 400 feet, measured 
along the strike of the ore body, and are mined from the sill floor 25 feet or 
more above the level to within 35 to 40 feet of the level above, or to the top 
of the ore in ore bodies that pinch to an unminable width. 


Preliminary development of shrinkage stopes by two raises, one at each 
end, has been described in the section on Development. Both raises may extend 
from the haulage level to the level above, and one is maintained as a service 
raise or manway. Sublevel drifts are spaced at vertical intervals dependent 
upon development of minable ore in the stope area, and are used for access to 
the stope. Stopes are silled about 25 feet above the rail of the level. 
Silling is begun by connecting the manway with an adjacent raise by a sublevel 
drift and belling out the top of the raise to be used for broken ore disposal 
during the initial stage of silling. The rest of the raises in a stope are 
driven at 25-foot centers and belled out one at a time as they are needed to 
keep pace with the silling. Silling is extended the width of the ore body by 
means of slashing from the first sublevel drift, and eventually the entire 
Stope area is silled out. 
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The manway provides access to the stope and is the starting point for 
mining each horizontal slice above the sill. The successive slices are opened 
by drilling in the back at the manway and crosscutting the width of the stope 
9 to 8 feet high. From this slot, the stope back is drilled in slightly 
inclined upper holes in 8- to 10-foot rounds and blasted. Because of a sill, 
and/or slaty member of the Goodrich formation along the contact, drilling and 
blasting close to the hanging wall is done sparingly. 


The stoping practice is overhand, and only enough ore is drawn through 
the chutes to provide working room. 


Mining Costs 


Mining costs in dollars are not available for publication. Instead, a 
percentage breakdown of direct mining costs is given in table 4, and a break- 
down of general expenses is shown in table 5. In the latter, percentage 
breakdown is given of total costs f.o.b. railroad cars at the mine, exclusive 
of depletion and amortization. 


Table 6 is a summary of costs in units of labor, power, and supplies, 
together with performance data. These data may be useful in measuring the 
efficiency of operations in sublevel stoping under the special conditions 
imposed at this mine. 


Two-thirds of the ore production was gained by sublevel stoping. Breaking 
operations in sublevel stoping and shrinkage stoping at this mine are carried 
on quite similarly, and such costs in both methods are practically the same. 
The saving in gravity transfer of ore in shrinkage stoping, relative to 
scraping in sublevel stoping, is offset by higher costs in the small amount of 
open stoping carried on. 


Hence, for purposes of comparison, data submitted in table 6 may be used 
for sublevel stoping operations on a 100-percent basis. 


The amount of rock hoisted during 1957 was greater than that hoisted nor- 
mally. Much of it came from the 850-foot level and was chargeable to explora- 
tion and other deferred costs. Therefore, costs and performance data in table 
6 do not include the rock work. | 


Underground Transportation 


Transportation underground on main haulage levels is by means of electric 
locomotives and cars. 


Electric-trolley locomotives, weighing 3 to 4 tons, are used in the under- 
ground haulage system. They are operated on 250-volt d.c. circuit. The con- 
verter for this circuit is in the engine room on the surface. Minor mainte- 
nance may be done on locomotives underground; however, major repairs are done 
on the surface. A locomotive must be hoisted and lowered in the main shaft by 
being suspended beneath the cage. 
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TABLE 4. - Cost distribution for mining operations, January 1 to 
December 31, 1957: A breakdown for specific items in 


percentage of total direct mining costs 


Percent of total direct 
mining costs 


Labor supplies Tota 


10.81 
36.30 
12.00 
6.06 
61 


Operating costs: 
Developmentecccccccccccscccsccscccccscccccce 
Mining. (St0p1 NG) 6266 vecscus cewsweceeeet nse 
Haulage ( tramming) o. <6 sss wiseevsewc ewe sewers 
cpa oulerreree ree ere ee ee ee ee ee ee ae 
PUMPING oe! 6020 .0:0.5/010:6, Swe oe ein oes ee Wine wale e666 
Mine ventilating. cccccccccccsesccsccccsece 
Supply Nandlingeccccccsccsccccvvcccseccscccs 


SUPETV1iSLONe cocccccsvecccccvcccscccccccses 5.96 
Engineering. ccccccccccccccccccccccccsccece 1.40 
SAL CCY o:6-d 0 6 .4:6-6:.6:5:6:0.656 605.605 ee Ow .b'e0 0.0 6 cee Ses 90 
Crushing and screeningeccececccccccccccece 34 


Loading GITECte ccocccvcccccccccccccvcccccce 022 
STOCKS 1 ANG 6 occ oe 5:56: 0:66: 0.6:6:5:6 5:6 0:00 sw ee wees 
Loading from Stockpilececccccccccscccccves 
Office and warehouSececceccccvccccccccccccs 
Buildings and groundS.cepeccccccccccccccecs 
Dryhouse, watchmen, lampmen.ccccccccccccce 
Laboratory and Samplingecccccccccccccccces 
Sundries, miscellaneous expenS@eeccececcece 


TO Ca Lies bd diow: ore braueedcee are hei bis oe ees oes 


Repairs and maintenance costs: 
Drifts, raises, and auxiliary shafts..eee. 
HOSSting shalt cece wrens csced ese s see we 
Mining equipment. ccocecccessccvccsecsesesere 
Tramming equipment and trackS.ccoccccccece 
Hoisting CquUipMeNtececcecccccccsccsccsececs 
Headframe equipmentecoceccccvccccscccccccce 
Stockpiling facilities and equipment...... 
Mine ventilating equipment.cecessccccccces 
PUMPS cocecccccsccnsecsvessesssecseccsecses 
Power shovelS and Crane€Scceccccccccccccces 
Automobiles, trucks, and tractorSeccceccce 
Power, light, and signal SystemS.ccceccccece 
Buildings and groundScccocccccccccccccccce 
Other Qui pment s<46.e cee dwee sees Rees eee 


TOU le % cosa erre ete ee eb to ep eee alate Side ese eaves 14. 47 


Total. direct mining costsSiivecesewvessecseses. | 73219 26.81 100.00 
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TABLE 5. - Cost distribution for mining operations, January 1 to 
December 31, 1957: Direct mining costs and a 
breakdown for general expenses in 
percentage of total costs 


Percent 

total general Percent 

lexpenses total costs 

Total direct mining COSC i 6.o 6-0'0:6400G. 6 660.50 506s 78.66 

General expenses: 

Vacation and holiday expense..cccccccccccces 

Current pension COS C0. 0:664.66 660060440694 660-048 : 
Employees group insurance. cccccccccccccccces 
Supplemental unemployment. .ccocccvcscscccscce 
General insuranCecccccccccccesccscccscccccces 
Accident LNSULONCOs 666-6 6.6 6 0:6:5:065000 64 00 6a 
Sundry Chicago office charges..ccccccccccece 
Social Security TAaXOS 6 bce 60056666646 O CCE 
Real estate and personal property taxes... 
Miscellaneous taxesS.cccccccccccccccccccccese 
Royalty (MILNE) seb desencS ea bese eseeseses eer 
Depreciation. cesccccccvccvecccccssccveccscces 
Ishpeming general OFT 1 CO io sGis 65 60566050645 % 

SUDEO Cals eis 6656-6 wo ise 0s ow Mewes Bees 21.34 

Total cost (exclusive of depletion and 


SMOrtl Zatti ON) < oiave soso se b00-6ks enw s 64608 600%% 100.00 


Two types of cars are useds Rocker-type, round-bottom, 65-cubic-foot 
cars, which are dumped manually, and 98-cubic-foot flat-bottom cars, box- 
hinged along one side to the frame. These are called roll-over cars, and the 
box of the car is dumped by activating an air cylinder. 


Main haulageway grades of one-half percent in favor of loads is the prac- 
tice. Forty-pound rails with welded bonds at 24-inch gage are laid on 5S-inch 
wooden ties spaced at 18-inch centers. Ballast consists of fine rock waste. 
Cast steel frogs, machined switch points, and switch throwers with enclosed 
springs are used. 


Portable storage-battery lights are installed on the end cars of trains. 
Hand-operated signal systems are used. 


Hoisting 


A single-drum hoist is used for both cage and skip hoisting. The hoist 
is operated by a geared induction motor rated at 600 hp. 
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TABLE 6. - Summary of costs in units of labor, power, and supplies 


Mines Green wood Period covered: January 1 to December 31, 1957 
Mining methods employeds 
Shrinkages 25 percent Ore hoisted during period: 62,384 long tons 


Sublevel stoping: 67 percent Rock hoisted during period: 4,688 long tons 
Open stoping: 8 percent 


Labors 
Day labor, underground and surface, 
Chargeable to miningeccecccccccccsccccccccscccceceeeoman hours [104,616 
Day labor, underground and surface, 


chargeable to mining, per long ton Of OFr@ececcccccccccecdQeeee 1.68 
Supervision, engineering OFF VCO 0 656. 6.06464s 66554 64060%0600 65006606 10,280 
Supervision, engineering office, per long ton OFT Or€ceceecdOeeee 16 

SUDUOCA] os a 60 ie swore 66s ie 6s 9944505 See eee eee cess OCs ess 14,896 
subtotal, per Long ton Of OFreccevcccccccsccccccecccseedQcvece 1.84 
Production per man-shifts 
Day labor, underground and surface..ccsceeeetOns per man-shift 4.77 
Total TADON $56.s 626 obo Gb 6.05 So Re 4 00S OO HERS 4.34 


Power and supplies: 
Explosives. ccccccccccccccccccccccccsccecelbD. per long ton of ore 1.45 
Kind and grade. 50 percent each: Gelatin Extra - 80 percent 
Gelamite 1X  - 60 percent 
TEMDO? iis 6:6:6:6:4:6.0.b 00 00-4500 056.0 6.0 0 40's 6 00's 64.08.0000 0eseeeeeebDOard feet 37, 830 
Powers 


Air compression.. 59.1 percent ..kw.-hr. per long ton of ore 10.9 
Tramming. ccaccoce 12.3 eases Ee ee ere ae er eer o | err 2.3 
Hoisting. cccceces 12.8 ee edOce ibe Mereeos Os Owe bow een ese es 2.3 
Stockpiling. cose Ted «eedOe. Cocccccccccccccc ccc es eedOcece 1.4 
Pumping. cccccceecs 7.4 seen ee a ee ee eres 0 | o Perr 1.4 
Surface, light- 

ing ShHOPcceccecces 1.0 00 edOee coccccccccccsccescccccedO0vees PP 

Total power...100.0 é#60O%-« eS 06.66 6-065 SN OSS SEO COOCE SS 18.5 


Analysis of direct mining costs: 


Laboreccccccccccccccccccccecerercent of total direct mining cost 73.2 
SUDDIL GS oc idis wo 6501615 :S 5 w 5:0: 0206.0: si5 S0:0' 0054.6 o's 6 © Wee ow esses eOOe suc 12.6 
POWET 66:65 ew-66 06k 6 6S Sk 656600 0 00 SDS OS Oo WOES 6 O60 EC OOe we 5.6 
FUC]l. ccccccccccccc cece se cee ns eceeseeseseeenssecscceseesesedesee 1.1 
EXPLOSIVES ecccccccccscccsccscvccsccsesecccececesccsccosssedOvecs 6.4 
ELMDET 5:6 60,eoiw 6s wee owe oie e o6 6 6 w6W Ss 6 915s wie Ws bel a 6s Ow wees sOOcews a | 
Miscellaneous EXPENSES cccccccceccccscccsccccsccscccscveccedMeess 4 

TOtalevcccvvccccsccvcccccccsccccccncccescccccccscceesdOsece 100.0 


Google 


29 


The hoist is equipped with speed control and overwind-prevention devices. 


The hoist drum has a 9-foot diameter and an 8-foot face and is grooved 
for 1-3/8-inch, 6 by 25, preformed hoisting rope. An overlap is required. 


Skips are self-dumping, generally know as the Kimberly type, and have 
safety guides to prevent tipping in the shaft. Skip capacity is 102 cubic 
feet. Cages are hung below the skips. 


Cleaning Shaft Spillage. - Formerly, spillage in the shaft was cleaned up 
by handmucking. A bucket was hung by a cable underneath the cage. The bucket 
was lowered to the bottom of the shaft, and a crew of four miners mucked by 
hand into the bucket. When the bucket was filled, it was hoisted to the 
1,900-foot level and swung out of the shaft over the pocket and dumped into 
the pocket. This was a slow and costly procedure which had to be done on a 
weekend. Two crews of four men worked two shifts on a weekend about once 
every 2 months. 


The arrangement utilized in cleaning shaft spillage is shown in figure 9. 
The present system utilizes an old Bucyrus shaft mucker, which consists of a 
hydraulic clamshell bucket with remote control. A hinged door was installed 
in the shaft and is moved by means of a single-drum air tugger. Another air 
tugger is used to hoist the bucket. All equipment, the two air tuggers, and a 
hydraulic pump and controls are located on the same platform and are operated 
by one man (fig. 9). 


The clamshell bucket is dropped to the shaft bottom for a load and is 
hoisted up to the hinged chute. The chute is swung open to let the bucket 
pass up through it. As soon as the bucket is clear of the chute, the chute is 
dropped back and in this position acts as a slide. The bucket is opened, and 
the load falls on the chute and from there runs into the skip. 


Under the present system, the spillage can be cleaned out in 2 hours once 
every 2 weeks. 


Communications. - Telephone service is provided to the mine through the 
public telephone exchange. 


Voice communication between facilities on the surface and between various 
stations in the mine, particularly between hoistman and shaft stations, is 
effected by means of sound-powered phone systems. 


screening, Shipping, and Stockpiling 


The skips dump the ore in the headframe into a common bin, from which it 
is drawn to a pan conveyor and transferred to a double-deck vibrating screen. 
Screening is required to size the ore for shipment, and/or for stockpiling, in 
three sizes, designated by grade names: Senior, 12-inch plus 3-inchs; junior, 
3-inch plus 3/4-inchs and third, minus-3/4-inch. 
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FIGURE 9. - Shaft Cleaning Setup, Greenwood Mine, Marquette County, Mich. 
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The minus-3/4-inch ore, which approximates 20 percent of the mine product, 
is mixed at lake docks with soft ores from other mines for shipment to the 
blast furnaces. Ore in the other two sizes is shipped by rail to Escanaba, 
and thence by boat to the company steel plants. Junior-grade ore is dumped 
into the boats first to protect the hull against damage in loading the larger 
lumps. The two sizes (senior and junior grades) thus mixed constitute lump 
ore, which is used in the open-hearth furnaces for the processing of steel. 
Lump ore consequently is premium priced. 


Kinds of ore produced in 1957 were: 
| Long tons 
Senior (12-inch plus 3-inch)....ee. 27,757 
Junior (3-inch plus 3/4-inch)..eee. 21,483 
Third (Minus-3/4-inch) ..scsecsceees 13,144 
TOU] ieee cee O0seeseeew eees 62,384 


The sized ore is stockpiled, or loaded directly into railroad cars, in 
separate sizes. In stockpiling, a rocker-type car is transferred by a 4-ton 
electric-trolley locomotive. 


Comparison of Different Methods Used in District 
Mining Methods in Hard-Ore Mines 


Comparison of different methods used in mining the hard ores will be made 
first. The factors influencing selection of mining methods and practices in 
open stoping and shrinkage stoping at the Greenwood mine have been enumerated. 
The only other method used in mining hard ores on the Marquette range is 
transverse, underhand sublevel stoping with regular pillar arrangement. This 
mining method is used on the north limb of the synclinorium in that part of 
the district where the ore bodies are both much thicker and continuous in 
Strike length and both hard- and soft-ore mines are located. It is necessary 
to use a mining method that does not involve disturbance of the hanging wall 
to the extent that eventually might cause subsidence of the glacial drift. 
Here one of the major mining hazards is that the glacial drift may be partly | 
water-bearing quicksand. 


Environment in this centrally located portion of the range was favorable 
to secondary oxidation. The degree of oxidation of the iron formation and 
many structural features is similar to that encountered in many of the soft- 
ore mines on the Marquette ranges; however, the ores differ greatly. In gen- 
eral. the hard ores are of higher metamorphic order than the soft ores. The 
ore stands well on exposure and is firm and tough and comparatively hard 

0 drill. 


The character of hanging-wall rocks in the Cliffs-Shaft mine varies. In 
most places, the hanging wall is a schistose or slaty member of the Goodrich 
formation. Overlying this slaty member, which is seldom over 15 feet thick 
and usually much less, there is a strong, hard quartzite. Lenses of slaty 
lron formation may also occur in the hanging wall, and when altered to paint 
rock will slack on exposure to air. The schistose or slaty members of the 
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Goodrich will loosen when exposed unsupported. Where the hanging wall is one 
of these formations, 8 to 15 feet of ore is left for support in the stope back. 
The footwall is jaspilite or an altered intrusive sill. The jaspilite stands 
well, but the intrusive occasionally gives trouble, especially where it lies 

at a steep angle or has been sheared by faulting. 


This mine has the only hard-ore deposit on the range that is large enough 
to be mined by methods similar to those employed in mining soft and medium 
iron ores in comparable-sized deposits on the Marquette and other ranges in 
the Lake Superior district. 


Mining Methods in Soft-Ore Mines 


Briefly, we will mention the factors influencing selection of methods in 
mining soft hematite ores in the so-called soft-ore mines. The significant 
feature of the soft ores is volume-for-volume replacement. These ores are 
characterized by little or no slumping, and by an increase in the porosity, 
which measures the intensity of oxidation, chert removal, and/or replacement. 


The Negaunee iron formation is the principal host rock for soft ore 
bodies. Structural control is provided by basic intrusives occurring in large 
sills and masses and in narrow dikes within the iron formation. Folding and 
faulting have set up closely spaced intersecting joints and related fractures, 
particularly in the iron formation, and in some instances have developed 
schistose structure in associated rock formations, especially the intrusive 
rocks. 


Therefore, the Negaunee iron formation adjacent to a soft ore body is 
almost invariably oxidized, partially leached and/or replaced, and often badly 
fractured. Many of the intrusive rocks have been metamorphosed so severely 
that they, as well as certain types of sedimentary rock formation, have been 
Classified as paint rock, slate, or schist. There is a wide variation in 
effective alteration processes, with a corresponding variation in density, 
soundness, and structure. Moderately sized openings standing well for varying 
intervals will cave, and the caved product will be roughly coarse rubble. 
These factors may be qualified by stating that size, shape, and position 
within the iron formation, together with any contained intrusives, dictate the 
mining method to be used. Position within the iron formation includes strati- 
graphic location as well as altitude. 


Block caving is employed on large blocks of clean soft ores having a 
reasonable height. 


Sublevel caving is used where the ore and associated rock have been frac- 
tured enough to be classified as heavy ground, or where the ore is contaminated 
by dikes. This method of mining is adapted primarily to dipping and pitching 
irregular ore bodies not large enough for block caving. Sublevel caving 
largely, if not entirely, replaced top slicing after the supply of relatively 
cheap local timber was exhausted. This method also supersedes sublevel 
stoping under the following conditions. 
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Sublevel stoping is used in smaller, narrower, steeply dipping or verti- 
cal lenses of ore, where the walls and capping are strong and stand well dur- 
ing the extraction period at least, but may be dangerous to work under when 
undercut. As a rule, such ore bodies occur nearer the footwall than the large 
ore bodies, the size of which generally dictates mining by other methods. 
Sublevel stoping is also used in mining the upper portions of the larger ore 
bodies until contamination by lean ore or rock reduces the grade of ores; when 
this occurs, the balance of the ore body is mined generally by sublevel caving. 


Sublevel stoping and sublevel caving may be modified by long-hole drill- 
ing practice, which entails an increase in sublevel interval up to 50 feet 
maximum. 


Ventilation and Air Conditioning 


To ventilate the mine a 40,000-c.f.m. fan is installed on the surface, 
and air is carried underground in a 4- by 4-foot steel tube, which conveys the 
fresh-air current out on the 850-foot level. 


The fresh-air courses extend down through various raises and levels to 
the 1,900-foot level, and are controlled by wooden bulkheads. From the 1,900- 
foot level, the return air current is diverted into the hoisting compartments 
of the shaft, which are utilized as an upcast to surface. 


Air doors, operated by air cylinders, are placed in main-level drifts to 
prevent air from short circuiting, except on the 1,900-foot level as noted. 


Auxiliary fans ranging in size from 5,000 to 15,000 c.f.m. are set up to 
ventilate mining places which are off the main air courses. 


Heat is necessary to keep ice from building up in the air duct. A heat- 
ing plant is operated on the surface during winter months to maintain tempera- 
ture of the fresh-air current above freezing. The system is thermostatically 
controlled. The heating unit is a stoker-fired boiler operating under low 
pressure. 


Mine Drainage 


The accumulated flow of all ground water coming into the Greenwood mine 
workings is small. The amount pumped to the surface is approximately 100 gal- 
lons per minute. 


Water is collected in ditches on main levels and flows to the shaft, where 
it runs into a sump on each level. 


Sump capacities are as follows: 

Capacity, 

gallons 

Main levels 

1, 100-f00t. ccccecces 40, 000 

1,300-footecccceese 28,000 

1,500 footecccccece 25,000 

1,700 footecccccces 25 ,000 

1,900 Footecccecees 25,000 
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Pumps on various levels ares 


1,100-foot level - Allis-Chalmers centrifugal, 500-g.p.m., 
1,200-foot head. 

1,500-foot level - Cameron, 100-g.p.m., 450-foot head. 

1,900-foot level - Goulds, 300-g.p.m., 850-foot head. 


Each pump is located near its respective shaft station, and operates on 
2,300-volt a.c. Pumps are operated periodically. 


Drilling Water 


Source of water used for drilling underground is mine water. Water is 
siphoned from the sumps at the shaft stations on various levels and piped down 
the shaft as required. Open tanks are used to reduce pressures. Pipelines 
distributing drilling water are commonly 1-1/2 inch in diameter and are 
installed along main-level drifts and into the working places. Drilling-water 
pressure is normally maintained at about 40 pounds at the drill. 


Wage and Working Agreements 


The company used an incentive system to increase the efficiency of labor. 
The incentive plans, hourly wage rates, and working agreements were incorpo- 
rated in an agreement between the Inland Steel Co. and the United Steel 
Workers of America (CIO). 


Table 7 shows standard hourly wage rates. 


Miners are included in job class 14. The incentive system includes drift- 
ing, raising, long-hole drilling, and stoping. In 1957, incentive payments 
amounted to 25.7 percent of hourly wage payments. 


Fire Prevention 


Water is provided for fire protection on the surface by a well and pump 
constituting an independent main water supply. An auxiliary pumping unit is 
maintained in working condition at another well to augment the water supply, 
if needed. Water is pumped to an elevated tank, and pipelines are provided to 
all parts of the surface plant. 


An auxiliary pump in the fan house can pump water to the upper floor in 
the headframe. Hoses are kept on each floor in the headframe, and at other 
strategic locations in the buildings. 


CO5-type fire extinguishers are at all strategic underground and surface 
locations. Hoses are available for firefighting at shaft stations. Water- 
lines are also cross-connected to compressed-air lines at shaft stations so 
that in emergencies the air lines can be used as waterlines. 
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TABLE 7. - Standard hourly wage rates 


Job Effective Effective 
class points Aug. 5, 1956] July 1, 1957] July 1, 1958 
$1.960 
2.027 
2.094 
2.161 
22228 
22295 
2.362 
22429 
2-496 
2.563 
2.630 
2.697 
2.764 
2.831 
2.898 
2.965 
3.032 
3.099 
3.166 


L-2ecccccccccses 
Disweeeeee wees 
Aacccccccccece 
Deccccccccsece 
Oversee seweuwes 
Tecccccccccces 
Boceccccccccces 
Doccccccccccce 

LO. ccccccevees 
Llewccccccccccs 
Perr ee 
lB cccccccccsces 
i eee 
LSeccccccccvces 
oer rr a 
LT evcvccccccccs 
lBwcccccccccccs 


1D 5: oe. wi ene 4 coiealevese 


ZO Se owe -6eb ee eae 


An auxiliary source of water on surface is the cooling pond near the air 
compressor. This water source is available for use by a pumping unit in case 
the city of Ishpeming fire truck is called. 


Safety Methods, Mine Rescue, and First-Aid 
Organization and Training 


Mine Rescue 


A mine rescue station is maintained at the Morris mine. Greenwood mine 
personnel are trained jointly with Morris mine teams so that, in event of fire 
or major accidents, full mine rescue teams are available at either mine. 


Mine rescue teams are organized, trained, and equipped to comply with 
Federal Bureau of Mines recommendations. Mine rescue and first-aid training 
are conducted by Bureau personnel at the Morris mine for 2 days twice yearly. 


Safety Organization 


A safety director and an assistant, employed by the Inland Steel Co., 
direct and perform other functions in safety and welfare programs. 


The safety director visits each property at least once each month for a 
visual inspection of all parts of the property. Accompanying him on such 
inspections are a foreman of each department visited and a man from the safety 
committee representing the union. The county mine inspector may accompany 
them. 
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Recommendations made by the inspection team are sent to the superintend- 
ent of each mine. The superintendent must then answer in a specified time, 
stating what actions were taken on the recommendations insofar as they apply 
to his operation, and giving reasons for the actions. 


The safety director also investigates accidents, and checks firefighting 
equipment and ventilation. He has control of physical examination schedules 


for men, the personnel receiving compensation insurance, and safety in any new 
project being undertaken at each property. 
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